Background--Contrast medium-induced acute kidney injury (CIAKI) is a leading cause of acquired renal impairment. The effects of antioxidants have been conflicting regarding the prevention of CIAKI. We performed a study of vitamin E use to decrease CIAKI in patients undergoing elective coronary angiography.
C ontrast medium-induced acute kidney injury (CIAKI) is the third most frequent cause of hospital-acquired acute kidney injury (AKI), compromising 10% of all in-hospital nephropathies 1, 2 and contributing to increased hospital length of stay and cost of care. 3, 4 CIAKI is usually defined as an absolute increase of ≥0.5 mg/dL or a relative increase of ≥25% in serum creatinine concentration within 48 to 72 hours following contrast medium exposure and may peak up to 3 to 5 days after exposure. 1, [3] [4] [5] [6] Several risk factors have been proposed to be associated with CIAKI, including previous renal insufficiency, diabetes mellitus, age >75 years, hypertension, congestive heart failure, volume-depleted conditions, contrast medium osmolality and volume, and nephrotoxic drugs. 1, 3, 6 Pathogenesis has been linked to transient increase in renal blood flow with subsequent prolonged decrease in blood flow, necrosis of epithelial cells, medullary hypoxia, enhancement of renal vasoconstriction, and decreased activity of renal vasodilators. 1 In addition, in experimental models, a decrease in antioxidant activity and the direct cytotoxic effect of reactive oxygen species have been shown to cause CIAKI. 6 To prevent CIAKI, many therapeutic strategies aimed at different pathological mechanisms have been implemented; however, the role of different strategies is still controversial. 7 Therapeutic modalities mainly include risk factor modification, hydration, diuresis, tubular alkalization, vasodilators, antiinflammatory and antioxidant agents, and adjustment of contrast medium volume and osmolality. [8] [9] [10] [11] [12] [13] [14] Vitamin E is a lipid-soluble vitamin with antioxidative and anti-inflammatory properties in the form of a-tocopherol, which has been found to be effective in the prevention and treatment of cardiovascular complications and cancer. 15, 16 Moreover, in some animal studies, it has been shown that vitamin E decreased cisplatin-induced oxidative damage to renal tissue 17, 18 and development of CIAKI. 19 A clinical study showed 2 forms of vitamin E, a-and c-tocopherol, combined with 0.9% saline infusion to be associated with a decrease in the incidence of CIAKI. 20 In contrast, vitamin E plus 0.45% saline infusion before administration of contrast medium in patients with chronic kidney disease (CKD) undergoing elective computed tomography with nonionic radiocontrast agents was not protective against CIAKI on imaging evaluation. 21 The purpose of the present study was to determine whether vitamin E could protect the kidneys from developing CIAKI in the setting of coronary angiography. In a prospective placebocontrolled randomized trial, for the first time, we examined the effect of high-dose preprocedural oral a-tocopherol in a cohort of CKD patients undergoing elective coronary angiography.
Methods

Study Design
In a double-blind, placebo-controlled, 2-center, randomized clinical trial, 300 consecutive CKD patients who met inclusion criteria and who underwent coronary angiography were randomized into 2 groups to receive either vitamin E or placebo from February 21, 2014, to June 13, 2015 , at the Seyyed-al-Shohada Heart Center, which is a tertiary referral center, and Taleghani teaching hospital in Urmia, West Azerbaijan Province, Iran. The study was approved by the ethics committee of Urmia University of Medical Sciences. Before any study procedures were performed, consent was obtained from all participants. This study was registered at ClinicalTrials.gov (identifier NCT02070679).
All patients aged ≥18 years with baseline estimated glomerular filtration rate (eGFR) <60 mL/min per 1.73 m 2 (based on the Modification of Diet in Renal Disease study group formula) 22 who underwent coronary angiography were included in the study if they met inclusion criteria, including stable angina with ischemia and indication for coronary angiography or non-ST-segment elevation (NSTE) acute coronary syndrome (ACS) requiring an early invasive strategy. Exclusion criteria included acute ST-segment elevation myocardial infarction, high-risk NSTE-ACS warranting emergency coronary angiography (<2 hours), cardiogenic shock, pulmonary edema, overt heart failure and/or ejection fraction <30%, ACS undergoing coronary angiography or angioplasty during the previous 5 days, sensitivity to contrast medium, recent administration of contrast medium for any reason, AKI, history of dialysis, pregnancy, newly prescribed angiotensinconverting enzyme inhibitors or angiotensin receptor blockers, and bleeding and/or coagulopathy diseases. The consumption of nephrotoxic drugs, vitamin E, vitamin C, or Nacetylcysteine at least 48 hours before intervention was also considered an exclusion criterion. A total of 300 patients who met the inclusion criteria were randomized into 2 groups at a 1:1 ratio, using a random number table and block randomization, to ensure that equal numbers of participants were assigned to each group. All drug bottles were labeled from 1 to 300. At each hospital, 150 drug bottles were given to the randomized patients. The series of paired random numbers were generated by an independent statistician and sent to our 2 centers where the patients were enrolled in the study. All patients were randomly assigned to prophylaxis administration, with 0.9% saline infusions (1 mL/kg) for 12 hours prior to and after coronary angiography combined with 600 mg oral vitamin E at 12 hours before plus 400 mg 2 hours before intervention, or to placebo, which was administered in a similar fashion. An adjusted dose of iodixanol (Visipaque, GE Healthcare; 320 mg iodine/mL), a nonionic iso-osmolar (290 mOsm/kg water) contrast medium, was used in all patients. Both patients and care providers were blinded to the study groups and were unaware of the allocations. Of note, based on previous clinical trials, the safe dose of vitamin E for adults has been found to be 1073 mg/day for a-tocopherol or the molar equivalent of its esters 23 ; therefore, we used a maximum of 1000 mg vitamin E containing a-tocopherol. Coronary interventions were routinely performed with the Judkins technique, using 6F right and left heart catheters through the femoral or radial approach, by attending cardiologists at both centers. All conditions and facilities at the 2 centers were similar because both are educational and research institutions affiliated with the same university.
Serum Laboratory Values and CIAKI Definition
All blood samples were obtained before angiography and within 72 hours postoperatively via venipuncture. Samples were analyzed within 30 minutes of sampling by an automated blood cell counter (Sysmex). The methods and instruments for providing laboratory samples were similar in our 2 centers during the study period.
CIAKI was defined as an absolute increase ≥0.5 mg/dL or a relative increase ≥25% over baseline serum creatinine concentration within 72 hours after administration of contrast media, and the peak value within 72 hours was used in this study. Because the coronary angiographies were elective and some patients were willing to discharge at <72 hours, the evaluation of serum biochemistry was performed in our outpatient clinic in such cases.
Primary and Secondary End Points
The primary end point of the study was the development of CIAKI, as defined above, in the patients receiving vitamin E compared with the patients receiving placebo within 72 hours after coronary angiography.
The following outcomes were considered secondary end points: (1) changes in the levels of serum creatinine and eGFR within 72 hours after angiography; (2) postprocedure levels of complete blood cell count components, including white blood cell (WBC) count, platelet count, hemoglobin, and hematocrit; (3) changes in laboratory values from baseline to follow-up; (4) side effects of study medication; (5) hospital stay in days; (6) requirement of renal replacement therapy; (7) postprocedure ACS; (8) cerebrovascular events; and (9) in-hospital mortality.
Statistical Analysis
The purpose of the trial was to assess the effect of vitamin E on the incidence of CIAKI as the primary end point. The sample size was based on assuming 5% incidence of CIAKI in the patients receiving vitamin E and 15% in those receiving placebo. 20 To achieve a statistical power of 80% with 2-sided a=0.05, a total of 141 patients were required in each group; to allow for dropouts, we randomized 300 patients. Demographic and procedural characteristics were compared between the study arms. All variables were also compared between the groups of patients with and without CIAKI and for subgroups by fasting blood glucose (FBG) values. Continuous variables were presented as meanAESD in normally distributed data and as median with interquartile range (IQR; 25th and 75th percentiles) in nonnormally distributed data. All continuous variables were analyzed using a t test or Mann-Whitney U test, as appropriate. Categorical variables were presented as number (percentage). The Pearson v 2 or Fisher exact tests were used, as appropriate, for categorical data. To detect the predictors of CIAKI, univariate analysis was conducted. In the multivariate logistic regression analysis, we included all variables showing a significant relationship with CIAKI in the univariate analysis and potentially relevant variables that were previously demonstrated to have an impact on the risk of CIAKI, including CKD, age >75 years, high contrast volume >140 mL, statin use, and diabetes mellitus, as well as study site. In the logistic regression model, the CKD variable was entered as a dichotomous variable of CKD stage 3 or 4 (all patients in our study had CKD stage 3 or 4). All analyses were performed using SPSS statistical software, version 21.0 (IBM Corp). Two-sided P values were calculated.
Results
Baseline Characteristics
After excluding patients who did not meet our criteria, a total of 300 patients (14.8% recruitment rate) were randomized into 2 groups. During follow-up, 298 patients (99.3%) were analyzed based on an intention-to-treat approach. The diagnosis of CIAKI was not provided during 72 hours for 3 patients in the vitamin E group and for 6 patients in the placebo group; however, results for detecting CIAKI were obtained during the fourth and fifth days after angiography, and none of these patients had CIAKI. The causes of deviation from the study protocol at follow-up are depicted in Figure 1 .
The clinical characteristics and biochemistry results are summarized in Tables 1 and 2 . The mean age of patients was 67AE11 years, and 46% of patients were male. Baseline Mehran risk score was comparable for the placebo and vitamin E groups (7. (Table 2) .
Primary End Point
CIAKI developed in 31 (10.4%) patients across groups. Incidence of CIAKI was significantly higher in the placebo group (21 of 149, 14.1%) than in the vitamin E group (10 of 149, 6.7%; P=0.037) ( Table 3 ). Additional definition of CIAKI (an efficacy end point) as an eGFR decrease of ≥25% over the baseline value was comparable between the study groups (13.4% for placebo versus 6.7% for vitamin E, P=0.054) ( Table 3) .
Secondary End Points
No side effects related to the interventions were observed. Median of hospital stay was 2 days and was comparable between groups (P=0.2) ( Table 3 ). None of the study patients needed renal replacement therapy. Two cases (0.7%) of NSTE-ACS developed in the vitamin E group; however, the difference between groups was not significant (P=0.5). In the vitamin E group, 1 patient (0.35%) with acute ST-segment elevation myocardial infarction died in the hospital (Table 3 ). The decrease in creatinine level was greater in the vitamin E group but not significantly. Similarly, the change in eGFR was higher in the vitamin E group but also not significantly. The median changes in serum creatinine and eGFR improved more in the placebo group, even though these patients had a higher risk of AKI compared with the vitamin E group. Furthermore, decrease in WBC count was significantly greater in the vitamin E group compared with the placebo group ( Figure 2 ).
Subgroup Analysis
To compare the risk of CIAKI among patients with diabetes mellitus, we divided the patients into 2 groups according to median FBG. Among diabetic patients with FBG ≥100 mg/dL, the rate of CIAKI was significantly higher compared with those with FBG <100 mg/dL (17.4% versus 0%, respectively; P=0.044) ( Table 4) . Among all patients, more CIAKI developed in those with FBG ≥100 versus <100 mg/dL, regardless of study group (15.7% versus 4.8%, respectively; P=0.002) ( Table 4) .
We also compared the risk of CIAKI in patients with regard to history of preoperative statin use. Accordingly, the rates of CIAKI incidence in the study groups were comparable among patients with or without history of preoperative statin use and were similar to the risk of CIAKI development (Figure 3 ). Table 5) .
The Mehran risk score groups ≤5, 6 to 10, 11 to 15, and ≥16 included 69 (23.2%), 169 (56.7%), 47 (15.8%), and 13 (4.4%) patients, respectively, and 4 (5.8%), 10 (5.9%), 7 (14.9%), and 10 (76.9%) patients in the respective Mehran risk score groups developed CIAKI (P<0.001). In the lowrisk groups with Mehran risk scores ≤15, the incidence of CIAKI was lower in patients receiving vitamin E than placebo; however, for the patients with the highest risk of ≥16, no evidence showed that vitamin E was effective (Figure 4 ).
Multivariable Factors for Predicting CIAKI
In the logistic regression analysis, we entered the study treatment groups, Mehran risk score as a continuous variable, metabolic syndrome, congestive heart failure, statin use, CKD, age >75 years, high contrast volume >140 mL, diabetes mellitus, study site, and baseline hemoglobin and WBC values as covariates in our model. The only independent predictors of CIAKI were vitamin E (odds ratio 0.408, 95% CI 0.170-0.982, P=0.045) and baseline Mehran risk score (odds ratio 1.257, 95% CI 1.007-1.569; P=0.043) ( Table 5 ). 
Discussion
The key findings of the present study are that prophylactic oral administration of 1000 mg vitamin E (a-tocopherol) combined with hydration of 0.9% saline infusion appears to decrease CIAKI incidence in CKD patients undergoing elective coronary angiography compared with normal saline alone, with a number needed to treat of 13. Concordantly, the consumption of vitamin E and baseline Mehran risk scores independently predicted CIAKI incidence. In general, contrast media are well tolerated; however, they can cause AKI, especially in high-risk patients such as those with CKD. Because of an increase in cardiac interventional procedures, the rate of CIAKI has steadily increased and become a leading cause of hospital-acquired AKI. 6 The rate of complications attributable to CIAKI is high: In-hospital mortality has been found to be about 5-fold higher in patients who received contrast medium and developed CIAKI compared with those who received contrast medium but did not develop CIAKI, and 1-and 5-year mortality rates are about 4-fold higher. 4, 25 Despite the great impact of CIAKI in daily clinical practice, its pathophysiology is still a matter of debate. It has been speculated that contrast media exposure leads to AKI through 2 main mechanisms: cytotoxicity and higher viscosity. The cytotoxic effect of contrast media damages endothelial and tubular cells, causing decreases in nitic oxide levels and elevated oxidative stress and consequent vasoconstriction and medullary hypoxia. In addition to that effect, a decreased glomerular filtration rate and medullary Values are presented as number (%). AMI indicates acute myocardial infarction; CIAKI, contrast medium-induced acute kidney injury; eGFR, estimated glomerular filtration rate; NSTE-ACS, non-ST-segment elevation acute coronary syndrome.
hypoperfusion develop that are attributable to the exponential increase in tubular fluid viscosity. 26 Many risk factors have been reported to be associated with CIAKI after coronary interventions and can predict patients at risk for CIAKI. 27 The important factors include calculated creatinine clearance, diabetic status, and contrast media volume prior to a proposed coronary intervention. 2 For better risk stratification, some risk scores have been useful; the Mehran risk score is a simple and widely used tool. 28 It is based on the presence of 8 factors (hypotension, use of an intra-aortic balloon pump, congestive heart failure, CKD, diabetes, age >75 years, anemia, and volume of contrast). In our study, we found that metabolic syndrome, congestive heart failure, and elevated WBC count and decreased hemoglobin at baseline were associated with CIAKI. Despite relationships between these factors and CIAKI in univariate analysis, these effects disappeared in multivariate analysis. Nevertheless, baseline Mehran score directly predicted CIAKI incidence with an odds ratio of 1.257 (95% CI1.007-1.569, P=0.043). Individual risk factors did not predict CIAKI, but the predictive role of the Mehran score demonstrated that these factors can be used for risk stratification. We think that the relatively small sample size of our cohort, despite being sufficiently powered to detect primary outcome of interest, might be the main obstacle to showing the individual impact of risk factors on the incidence of CIAKI. CIAKI was detected mainly by biomarkers, which are dependent on underlying diseases. Consequently, the results of one study cannot be generalizable to another study under different settings. In such a situation, finding the proper Values are presented as number (%). CIAKI indicates contrast medium-induced acute kidney injury; eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose.
diagnostic tool for early detection of AKI may be of great importance in clinical trials. 29 The measurements of serum creatinine and urine output are considered the primary tools for diagnosing AKI in daily practice because use of biomarkers with unproven reliability might result in incorrect interpretation of clinical trials. 29 Despite the shortcomings of serum creatinine to estimate GFR, with very few exceptions, it is the only diagnostic marker used in clinical trials for CIAKI. 30 The absolute change in serum creatinine within 48 to 72 hours after contrast medium exposure has been routinely used as a definition of CIAKI, as in our study; we defined CIAKI as an absolute increase ≥0.5 mg/dL or a 25% relative increase in the baseline serum creatinine concentrations measured within 72 hours after intervention. The serum creatinine concentration has been shown to peak within 2 to 3 days after exposure, although the majority of studies have reported serum levels at 48 hours, which can underestimate the incidence of CIAKI or underpower studies. 1 We believe that in daily practice, serum creatinine is a simple, inexpensive, and available marker until a new biomarker is proven beneficial for such circumstances. The preventive strategies are focused on the possible pathophysiological mechanisms involved in CIAKI. Increase in tubular viscosity and resultant decrease in urine flow rate lead to diminishing GFR by activation of the renin-angiotensin system. Hydration therapy has been demonstrated to be the main preventive strategy by increasing tubular urine flow and consequently diminishing contrast medium concentration and viscosity of tubular lumens. 26 Furthermore, contrast media lead to generation of reactive oxygen species, which may lead to vasoconstriction, 31 and hypoperfusion of the medulla, promoting mitochondrial generation of reactive oxygen species. 32 Accordingly, use of antioxidants (eg, vitamin C, N-acetylcysteine, vitamin E) represents an effective strategy to prevent CIAKI, considering their roles in attenuating the oxidative damage from radiocontrast. A protective effect of oral vitamin C against CIAKI was found in a cohort of CKD patients undergoing coronary angiography or intervention. 12 Furthermore, a recent metaanalysis revealed conflicting results regarding the efficacy of N-acetylcysteine infusion against CIAKI. 13 In contrast, studies of vitamin E have been associated with inconsistent findings.
Kitzler et al demonstrated that intravenous vitamin E in addition to 0.45% saline infusion was not effective against CIAKI in CKD patients undergoing computed tomography scanning compared with 0.45% saline infusion alone. 21 In another study, however, a-or c-tocopherol combined with administration of 0.9% saline resulted in a decrease in CIAKI after elective coronary angiography. 20 Vitamin E protects against oxidative damage by stabilizing cell membranes and scavenging lipid peroxyl radicals; therefore, it is able to break peroxyl chain propagation reactions. 33 The antioxidant activity of vitamin C is mediated by direct effects on hydroxyl radicals and hydrogen peroxide to reduce lipid peroxidation. 34 Moreover, N-acetylcysteine, a glutathione precursor, has been found to enhance intracellular glutathione levels, as detoxifying hydroxyl groups, in rats but not in human studies. 35 Given these different mechanisms of action among antioxidants, further studies are required to establish a more robust conclusion about their effects in clinical practice, especially for prevention of CIAKI. Statins are antilipid agents with anti-inflammatory action in cardiovascular disease and have been used for the prevention of CIAKI. A recently published meta-analysis showed that preprocedure statin therapy reduced the risk of CIAKI compared with control groups; however, patients with CKD stage ≥3 were largely underrepresented in published studies, and statin therapy did not significantly decrease CIAKI development in trials that enrolled patients with eGFR <60 mL/min per 1.73 m 2 . The authors concluded that further trials were required to better define the role of statins for protection against CIAKI in the setting of coronary angiography, particularly in patients with CKD stage ≥3. 36 Moreover, in another meta-analysis, Lee et al found that short-term highdose statin (≥40 mg atorvastatin) significantly reduced the incidence of CIAKI compared with low-dose statin or placebo in patients undergoing coronary angiography. 37 In our study, we were unable to show the benefits of statin use beyond the study intervention. We think that the main limitation of this study in this regard was the small sample size to detect statin effects. We also did not prescribe a high-dose statin preprocedurally for our cohort, and that dose can have more impact than a low-dose statin, as demonstrated previously. The glycemic status of patients has been found to influence renal protection of patients on exposure to contrast medium. Patients with elevated FBG are at higher risk of developing CIAKI than nondiabetic patients. 38 The main biomarkers indicating glycemic status are FBG, blood sugar, and hemoglobin A1c levels. Among patients undergoing coronary catheterization, elevated baseline hemoglobin A1c, but not blood sugar, was also associated with increased risk of CIAKI in nondiabetic patients. 39 In contrast, another study showed that elevated preprocedural blood glucose correlated with greater risk for CIAKI in nondiabetic patients undergoing coronary angiography. 40 In addition, Yoshikawa et al found that hemoglobin A1c ≥6.5% was associated with changes in renal function after contrast exposure on computed tomography angiography. 41 In line with the mentioned findings, we also demonstrated that CIAKI incidence was significantly higher in patients with elevated preprocedural FBG, and CIAKI developed more often in those who also had diabetes mellitus. We did not measure other markers indicating nephropathy in diabetic patients, especially hemoglobin A1c and albuminuria, which have been shown to be associated with the risk of CIAKI in diabetic patients. 39, 42, 43 In our study, the patients who developed CIAKI had higher peak levels of WBCs, representing the possible role of inflammation in the setting of CIAKI; WBC count is a marker for acute inflammation. Interestingly, we found that WBC change from baseline to its peak value within 72 hours was significantly greater in the patients receiving vitamin E compared with those receiving placebo. These findings confirm that inflammatory mechanisms may be involved in the pathogenesis of CIAKI incidence. It may be speculated that the effects of vitamin E are applied, in some part, through attenuation of inflammation in addition to scavenging free oxygen radicals. 44 A recent meta-analysis that evaluated the effects of vitamin E-coated dialyzer on oxidative status and inflammation revealed that dialyzer membrane containing vitamin E decreased inflammatory markers, reflecting the antiinflammatory property of vitamin E. 45 
Limitations
In interpreting these data, some limitations should be considered. First, the results of this study cannot be extended to very high-risk patients, particularly those who need to undergo renal replacement therapy, because the number of patients with a Mehran score ≥16 was insufficient and no patients needed dialysis during our study. Second, we did not measure cystatin C level, which seems to be a more reliable marker than serum creatinine. Moreover, we used the Modification of Diet in Renal Disease formula to calculate eGFR. 46 Nonetheless, these limitations are observed in most of the previous clinical trials in this setting. Third, we did not measure the serum levels of vitamin E at baseline and followup to evaluate the effect of patients' vitamin E status on our findings. Fourth, 2 patients developed NSTE-ACS, and 1 patient had acute ST-segment elevation myocardial infarction and died during hospitalization; all of these events occurred in the vitamin E group. Because of the low numbers of events and very short-term follow-up, we were unable to assess why these events happened in the vitamin E group. Finally, changes in WBC levels were used to show the probable antiinflammatory role of vitamin E, whereas C-reactive protein could be a more accurate biomarker than WBCs for demonstrating such an effect in the prevention of the CIAKI.
Conclusion
The results of this study showed that pretreatment 1000 mg vitamin E (a-tocopherol) combined with 0.9% saline infusion is a safe, well-tolerated, efficacious, and readily available antioxidant to prevent CIAKI incidence in moderate-to highrisk CKD patients undergoing elective coronary angiography.
